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1. OVERVIEW 
Blowing over the sea, the wind causes waves and currents. Accurate values of the 
wind stress are required for sea state forecasting and for forcing computer models of the 
ocean circulation. As part of this research the ]RC Meteorological Team is engaged in a 
program of wind stress measurements. 
The primary sensor used in this program has evolved from a propeller vane to a 
'state of the art' Sonic anemometer. However the enviromnent of the measurement is critical, 
therefore in deployment of the sensor on the measurement platform one must try to place the 
sensor in the best position to 'see' the turbulent air structure before it is contaminated by the . 
presence of the platform. In the case of a ship this means the sensor is usually mounted on a 
high mast to windward. 
The most well known of the Sonic anemometers is the Kaijo Denki However the 
development by Gill Instruments of the Solent Sonic anemometer with its lower operating 
power has allowed the possibility of self-contained battery powered systems. After initial 
proving trials of the Solent Sonic anemometer on Royal Research Ship Charles Darwin 
(Yelland,M.J., P.K.Taylor, K.G.Birch, R.W.Pascal, and A.LWilliarns, 1991: Evaluation of Solent 
Sonic Anemometer on RRS Darwin Cruise 43. 288,institute of Oceanographic Sciences), it was 
suggested that a buoy mounted measurement system based on this sensor would be viable. 
This report outlines the design criteria of the buoy, and details the hardware that was 
constructed to meet the specification. 
Design of this hardware was also a large step for the drawing techniques used, as this 
was the first project within IOSDL to be designed using a Computer Aided Design package. 
The flexibility of this technology has enabled the production of this detailed handbook. 
2. CONCEPTUAL DESIGN 
The criterion for the buoy design was to provide an optirnised platform which would 
provide the best possible exposure of the Solent sonic anemometer. 
The Sonic anemometer is manufactured in two different designs, one has three support 
legs spaced symmetrically at 120 0 spacing and the second is an asymmetrical construction 
with three legs equispaced within 120 0 , i.e. separated by 60 o. 
The asymmetric construction was chosen, because of its 240 0 unobstructed window 
to the airflow. To make best use of the sensor's window it was concluded that minimisation of 
buoy effects would best realised by placing the sensor on the leading edge of the buoy facing 
directly into the prevailing wind direction. To achieve this goal it was not considered practical 
to have a rotating structure mounted on the buoy because of the complexity of connecting the 
variety of electrical signals to the sensors, navigation aids, and Satellite aerials. The alternative 
configuration, which was employed, is to have a fixed structure for mounting the sensors and to 
orientate the buoy by the use of a wind vane. 
The other sensors that are deployed on the buoy are :-
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Air Temperature 
Sea Surface Temperature 
Propeller Wind vane anemometer 
Also the data transmission aerials and navigational aids need to be deployed on the 
external structure, these are :-
Argos Transmitter Aerial 
Meteosat Transmitter Aerial 
Navigation Light 
VHF navigation beacon. 
2.1 Deployment Life span 
The design specification for the deployment life of all the systems was 70 days. This 
meant that all data recording and power systems must have a life expectancy in excess of this 
time, to allow for the eventuality that bad weather may not allow recovery to take place on 
schedule. 
The long term durability of the mechanical design needed to consider the problems 
of the waterproof sealing the equipment and wiring enclosures. To increase the robustness of 
these areas and prevent water ingress a policy of double sealing was considered appropriate. 
The implementation of this policy would mean that individual modules within the central 
canister i.e. Battery packs, processor unit etc., should be in watertight enclosures with 
waterproof connectors. All external connectors should be waterproof and themselves be 
covered by individual covers with glands exits for cables. 
2.2 Launching and Recovery 
High on the design philosophy was the problem of deployment and recovery of the 
buoy, which is directly linked to the vulnerability of the delicate sensors. The methods of 
deployment must have the goal of minimising the risk of the buoy overturning during this 
crucial operation. To achieve this it was concluded that the buoy must be launched, by a crane 
or 'N Frame, from a central point at the top of the Tower. Hardware Configuration 
3. BUOY IMPLEMENTATION 
3.1 Hardware design 
A discus buoy hull with quadrapod tower was selected as being the optimum form of 
construction to meet the sensor and electronic systems requirements. This configuration 
provided adequate space for the 200kg payload, whilst maintaining a low centre of gravity. 
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'!'he tower design enabled the sensor annular ring to be of a rigid construction, minimising 
vibration, and provided a means of access to the sensors for servicing whilst the buoy was 
deployed. 
'!'he central core of the buoy hull is fabricated in aluminium, with a 'cotton reel' cross 
section, to which is bonded a 3 M diameter flotation collar. A 16mm elastomer coating is 
applied over the flotation collar to provide protection and a non slip upper deck surface. 
'!'he tower is bolted to the hull via pads which are welded to the top surface of the 
central 'cotton reel'. Adjacent to each of the four tower legs are tubes bonded vertically 
through the floatation collar to allow sensors to be mounted through the hull into the near 
surface water. 
'!'he instrumentation canister, which is mounted within the central 'cotton reel', contains 
the (multi)processor unit, satellite transmitters, compass, DC-DC Converters and six lithium 
battery packs. Each individual unit is housed in a waterproof housing, connected by inter-unit 
cables with sealed environmental connectors, giving a high degree of protection against water 
ingress. 
'!'he sensors, satellite aerials, and navigational aids are mounted on the 1.6m diameter 
ring on the top of the quadrapod tower. Each of the devices is fitted with a quick release clamp 
to facilitate easy replacement, whilst the buoy is deployed, in event of failure or damage. 
External cabling on the tower is minimised by use of a single multi-core cable for all sensor 
signals. 'I'his cable connects between the central instrument housing and a mast head junction 
box. 
Orientation of the buoy into the wind is by dual vanes mounted on one of the tower 
legs. '!'he vanes are of a wedge cross section, extending from deck level to the underside of 
the tower annular instrumentation ring. 
'!'he technique of launching from the central point at the top of the Tower would 
require the heavy lifting mechanism to be position within the ring of sensors and aerials at the 
moment of release from the ship This raised the high possibility of damage to any of the 
sensors and aerials. To remove the lifting mechanism from this hazardous area a retractable 
deployment bar was incorporated into the design. '!'he retractable lifting bar, which is I M 
long, is mounted at the top of the tower with four lifting strops, made of polyprop rope, 
shackled to the central buoy flotation unit. Under load, whilst the buoy is being deployed the 
bar slides upwards to the maximum extension as determined by the length of the strops. At 
the instant that buoy is released, from the lifting mechanism, the bar slides downwards under 
gravity out of the sensor area. This technique allows a higher chance of deployment without 
damage and once deployed does not cause an obstruction to wind flow over the sensors. 
3.2 Power Supplies 
'!'he power for all the buoy systems is provided from up to six battery housings each 
containing two 24V,126 Ampere-Hour packs. A power bus is generated by connecting the 
battery packs in parallel, using Schottky diodes, enabling the efficient use of battery power and 
flexibility in deployment duration. 
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Each of the Systems is powered via dedicated DC to DC converters. By the provision 
of power supply isolation between sub systems, the overall system reliability is enhanced by 
minimising the risks to all systems caused by a failure in one component area. 
We would like to aclmowledge the financial support provided by ARE Portland, and 
the advice from Mark Carson with respect to the overall Buoy design and buoyancy materials 
of the hull, 
4. RESULTS FROM THE FIRST DEPLOYMENT 
The first scientific deployment of was from the Royal Research Ship Charles Darwin 
during a cruise to the Faeroes area during september 1991. the buoy was launched in good 
conditions without damage to any of the instrumentation The wind speed was about Bm/s which 
steadily increased to 15m/s during the day. At first light the following morning the buoy was 
found to be overturned and was recovered. Damage to the hull and tower structure was 
minimal but highlighted the welllmown problem of stability of a Discus buoy. 
4.1 Buoy Modelling Tests 
As part of the original buoy design Computer Modelling was carried out to check the 
viability of the design. The figures which were used for this work was based on estimated 
design dimensions and weights. Subsequent to the first deployment the implemented design 
was found to be significantly higher in weight and therefore the original modelling was not 
representative of the constructed buoy. Further analytical work was carried out, running the 
Computer Model with the actual buoy dimensions and weights, This showed that ,as had 
happened in practice, the buoy would capsize in the conditions experienced on the first 
deployment. This was good because it confirmed our faith in the predictions of the Modelling. 
Alterations were suggested to :-
I) increase the freeboard and diameter of the buoyancy 
2) reduce the turning moment about the centre of buoyancy by the reduction of weight 
,where possible, on the tower and sensor clamps. 
The changed design was re-run on the Computer Model and showed significant 
improvements in stability. 
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5. BUOY SPECIFICATION 
5.1 Mechanical Hardware Specification 
Diameter 3 Metres 
Overall height 3.B Metres - including sensors 
Height above waterline 2.5 Metres to annular ring 
3.3 Metres to top of sensors 
Weiqht in air 93BKq 
Weight Tower + C1amps+ Junction Box+ lOB Kg 
LiftinqBar 
Hull with Central Cannister 620 Kg 
Hull with Central Cannister + contents B30Kq 
5.2 Payload 
Weight Capacity 
BatteryPack(s) 23 Kg per housing Two 24V ,125 Ampere hours 
per housing 
Flashinq Liqht BatteryPack 15Kg IBV 112 Ampere hours 
Electronic Systems BKg MultiMet 
Sonic DSPPC 
Formatter DSP PC 
Transmitter Box 2BKg ArooslMeteosat 
Buoy Motion Monitor 12Kq BMPDSPPC 
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5.3 Mooring Design 
Revised design to Carson Spec. 
51'1 181'11'1. 
Polyp. 
l1'MVC. 
SONIC BUOY. 
: ASsy.1. 
Polyester. 
: .................. :m.kg. .. . 
1001'1 x 18 
"-
Pol ypropylene. 
Mul-l:lplo.l-I:. 
............ / 
---
: !I.~~Y:?· ..... . 
11'1 131'11'1 :Moorlng chain, 
SWlvel,W·e, 
: ....................... "'Polyester"i6MM:'" ................... : 
SWivel 10/8 Line length =Vaterdepth - 601'1.: 
Acoustic RGl.Buoyancy. 
: Assy.3. Acoustic RGlGo.sG • 
..... ............................................... . 
.... , ........ " ........................................ . 
101'1 131'11'1 chain. 
: Assy.4. ,..-_....1:==,_ 7", 13",,,, eh",ln. 
= 
1200 kg, 15kg Brue,,; 
. . 
........... ,' .......................................... ,' .... ,' ........ " .. . 
SONIC Buoy Mrg. 
ERS Mooring. 
Modified Jan.1991. 
V",clcllng-l:on IDSDL. 
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5.4 Electronic Systems specification 
5.4.1 Mean Meteorological Measurements - MultiMet. 
RCA Mircoboard CD 1802 BCE, with 8Mb Eprom data storage 
Sampling frequency - I Hz 
Processing - Calculating 'I Min ute' means 
Sensors System Measurements 
Air temperature Range 0 - 35 ·C 
Accuarcy O.I·C 
Resolution +0.005·C 
Sea Surface Range 0 - 35 ·C 
Temperature Accuracy 0.1 ·C 
Resolution ±D.005 
Wmd Speed & Range 0-40 mlsec 
Accuracy O.lmlsec 
Resolution O.OOlmlsec 
Direction Range 0 - 355 • 
Accuracy 0.08 • 
Resolution 
Compass Range 0-360 • 
Resolution 1.387 • 
5.4.2 Wmd Stress system. 
Single Board DSP 286 with 8M Bytes Eprom data storage 
Sampling Frequency - 21 Hz 
Number 
2 off 
2 off 
2 Off 
I Off 
Manufacturer 
IOS 
IOS 
R.M.Young 
DigiCourse 
Processing - 15 Section s of 1024 points, using software FFT to compute Wmd Speed 
Spectrum 
Sensors Solent Sonic I Off Gill Research 
Anemometer 
Range 0 - 60 M1sec 
Accuracy 
<30mlsec ±1.5%, 
>30mlsec + 3% 
Compass I Off DigiCourse 
Range 0-360· 
Resolution 1.387 
5.4.3 Satellite Data Formatter to Argos & Meteosat. 
Single Board DSP GCAT with 4M Bytes F1ash Eprom data storage on PCMCIA Card 
Continuously monitors output data streams from MultiMet and Wind Stress systems. 
Processing - Averages 'I minute Mean' MultiMet datasets over period corresponding to 
Sampling period of Wind Stress. Formats data in preparation for sending via Argos and 
Meteosat 
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Argos 1 Off Arqos/WS Oceans 
Position Accuracv 
Data Transmission rate - 4hrs 
(satellite visibUtv dependant) 
Data capacity 32 bytes * 8 
(Multiplexed over 8 consecutive 
transmissions) 
Meteosat DCP 1 Off Hays Space 
Technolocv 
Data Transmission Rate Hourlv 
Data capacity 256 Bvtes 
5.4.4 Buoy Motion Analysis System. 
Sensors 3 Components I Off SE Systems AMD 
Accelerometer 
Solid State Rate Gvro 3 Off Murata Gvrostars 
Pitch Inclinometers I Off Pennv & GUes 
Roll Inclinometers I Off Penny & GUes 
3 Axis f1uxgate I Off Thorn EM! 
compass 
Wind I Off RMYoung 
Speed&Direction 
Single Board DSP GCAT with 4M BytesFlash Eprom data storage on PCMCIA Card 
Sampling Frequency - 4 Hz 
Processing - The initiation of a record would be determined by whether any of the following 
criteria were satisfied :-
WmdSpeed Number of (10 min ) Records 
o -5 rnls Mean Wind speed 5 
5-10 rnls Mean Wind speed 5 
10-15 rnls Mean Wmd speed 10 
15-20 rnls Mean Wmd speed 10 
>20 rnls Mean Wmd speed 20 
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